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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

[0001] The present application claims the benefit of
Korean Patent Application No. 10-2006-0061616, filed in
Korea on Jun. 30, 2006, which is hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and a method for fabricating the same,
and more particularly, to an in-plane switching mode LCD
device.

[0004] 2. Background of the Invention

[0005] Active matrix LCD devices increasingly are used
for flat panel TVs, portable computers, monitors, etc.
Among the active matrix LCD devices, twisted nematic
(TN) type LCD devices primarily are used. In a TN type
LCD device, two electrodes are respectively disposed on
two substrates, and a liquid crystal (LC) director is arranged
to be twisted by 90°. Then, a voltage is applied to the
electrodes to drive the LC director. The TN type LCD device
primarily is used because of its excellent contrast and color
reproduction. However, the TN type LCD device has a
narrow viewing angle.

[0006] To solve the viewing angle problems of the TN
type LCD device, an IPS (in-plane switching) mode has
been developed. According to the IPS mode, two electrodes,
a pixel electrode and a common electrode are formed on one
substrate, and an LC director is controlled by a horizontal
electric field generated between the two electrodes.

[0007] The structure of a related LCD device will now be
explained with reference to FIG. 1. FIG. 1 is a plane view
showing an LCD device in accordance with the related art.
[0008] As shown in FIG. 1, a gate line 13 and a data line
20 are formed on a transparent substrate (not shown) of an
opaque metal for defining pixels. Here, the gate line 13 and
the data line 2D perpendicularly cross each other. At an
intersection point between the gate line 13 and the data line
20, a thin film transistor is formed for switching a voltage
ON/OFF. The thin film transistor comprises source drain
electrodes 21 and 23 with an active region 19 therebetween.
The gate line 13 serves as the gate of the thin film transistor.
[0009] A plate type common electrode 11 and a pixel
electrode 29 formed of a transparent metal are insulated by
an insulating layer, and overlap each other in a pixel region.
The common electrode 11 and the common line 15 contact
each other with the common line 15 parallel to the gate line
13, thereby dividing the pixel region into upper and lower
parts.

[0010] The pixel electrode 29 is formed of a plate type
transparent metal, and is provided with a plurality of slits
294 symmetrical to one another in the upper and lower parts
with respect to the common line 15. A fringe field is
generated between the common electrode 11 and the pixel
electrode 29 having the plurality of slits 29a. A common
signal is applied to the common electrode 11, and a pixel
voltage having passed through the TFT is applied to the
pixel electrode 29. A liquid crystal is driven by the fringe
field. That is, when no voltage is applied to the LCD device,
initially aligned liquid crystals are rotated by the fringe field,
thereby permitting light to pass.
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[0011] An alignment layer (not shown) is further provided
at inner surfaces of upper and lower substrates of the fringe
field mode LCD device. The alignment layer on the upper
substrate (not shown) and the alignment layer on the lower
substrate (not shown) are arranged to have an angle of 90°
therebetween as in the TN mode LCD device.

[0012] A method for fabricating an LCD device in accor-
dance with the related art will now be explained with
reference to FIG. 2. FIG. 2 is a plane view showing an LCD
device in accordance with the related art.

[0013] As shown in FIG. 2, a transparent conductive
material, such as ITO, is deposited on an array substrate 10
and is then patterned, thereby forming a common electrode
11. Then, a metallic material is deposited on the array
substrate 10 having the common electrode 11 and is then
patterned, thereby forming the gate line 13 and a common
line 15 (FIG. 1). Here, the gate line 13 and the common line
15 are formed parallel to each other. Also, a portion of the
gate line 13 serves as the gate electrode 13a.

[0014] An insulating material is deposited on an entire
surface of the array substrate 10 having the common elec-
trode 11, the gate line 13 and the common line 15, thereby
forming a gate insulating layer 17. Next, a semiconductor
layer 19 is formed on the gate insulating layer 17.

[0015] A conductive material for a data line is deposited
on an entire surface of the array substrate 10 having the
semiconductor layer 19 and is then patterned, thereby form-
ing data lines 20 (FIG. 1) and source/drain electrodes 21 and
23. An insulating material is deposited on the entire surface
of the array substrate 10 including the data lines 20, thereby
forming a passivation layer 25.

[0016] The passivation layer 25 is selectively patterned to
form a contact hole exposing a portion of the drain electrode
23. A transparent conductive material, such as ITO, is
deposited on the passivation layer 25 and then is patterned,
thereby forming a pixel electrode 29 having a plurality of
slits 294. The pixel electrode 29 is electrically connected to
the drain electrode 23 through the contact hole.

[0017] An alignment layer (not shown) is formed on the
passivation layer 25 having the pixel electrode 29 and is
aligned in a desired direction. In the fringe field mode LCD
device, an alignment layer on an upper substrate and an
alignment layer on a lower substrate are aligned to have an
angle of 90° therebetween, but the alignment may be formed
in any direction.

[0018] However, the related art LCD device has a number
of problems. First, the common electrode is disposed below
the pixel electrode, and the pixel electrode is disposed on the
gate insulating layer and the passivation layer. Accordingly,
light leakage is generated by an electric field formed
between the source/drain electrodes and the pixel electrode
in a black gradation. The light leakage is prevented by a
black matrix formed on the color filter substrate. However,
an alignment margin between the source/drain electrodes
and the black matrix is decreased when the array substrate
and the color filter substrate are attached to each other,
thereby having a high possibility of a mis-alignment and
decreasing the aperture ratio. Further. in the related art LCD
device, a silicon nitride (SiN,) is used as the passivation
layer. Since the silicon nitride has a high dielectric constant
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of approximately 6-7, a parasitic capacitance may be gen-
erated between the common electrode and the pixel elec-
trode.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device and method for fabri-
cating the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0020] An object of the present invention is to provide an
LCD device that prevents light leakage in a black gradation,
and a method for fabricating the same.

[0021] Another object of the present invention is to pro-
vide an LCD device with increased aperture ratio, and a
method for fabricating the same.

[0022] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0023] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a liquid crystal
display device comprises an array substrate; a gate line
formed on the array substrate; a data line formed on the array
substrate crossing the gate line; a thin film transistor formed
on the array substrate, the thin film transistor being formed
at an intersection between the gate line and the data line; a
pixel electrode formed on the array substrate and connected
to the thin film transistor; an insulating interlayer formed on
an entire surface of the array substrate; a common electrode
formed on the insulating interlayer and having a plurality of
slits; a metal line formed on the insulating interlayer over-
lapping the data line and the common electrode; a color filter
substrate attached to the array substrate; and a liquid crystal
layer formed between the array substrate and the color filter
substrate.

[0024] In another aspect, a method for fabricating a liquid
crystal display device comprises forming gate lines and data
lines on a first substrate such that the gate lines and data lines
are substantially perpendicular to each other; forming at
least one thin film transistor on the first substrate, the thin
film transistor being formed at an intersection of correspond-
ing ones of the gate lines and the data lines; forming a pixel
electrode connected to the thin film transistor on the first
substrate; forming an insulating interlayer on an entire
surface of the substrate having the gate lines, the data lines
and the thin film transistor; forming a common electrode
having a plurality of slits on the insulating interlayer;
forming a common line overlapping the data line on the
insulating interlayer; and joining the first substrate with a
second substrate with a liquid crystal layer between the first
and second substrates.

[0025] In another aspect, a method for fabricating a liquid
crystal display device comprises forming a gate line and a
data line on a first substrate, the gate line and data line
crossing each other at angles of about 90° and dividing the
first substrate into an image display region and a non-image
display region; forming a thin film transistor on the non-
image display region of the first substrate; forming a pixel
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electrode connected to the thin film transistor on the image-
display region of the first substrate; forming an insulating
interlayer on an entire surface of the substrate having the
gate lines, the data lines and the thin film transistor; forming
a common electrode having a plurality of slits on the
insulating interlayer; forming a common line overlapping
the data line on the insulating interlayer; and joining the first
substrate with a second substrate with a liquid crystal layer
between the first and second substrates.

[0026] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0028] FIG. 1 is a plane view showing a liquid crystal
display (LCD) device in accordance with the related art;

[0029] FIG. 2 is a sectional view taken along line II-II of
FIG. 2;
[0030] FIG. 3 is a plane view showing an exemplary LCD

device according to the present invention,

[0031] FIG. 4 is a sectional view taken along line TV-IV of
FIG. 3; and

[0032] FIG. 5 is a sectional view taken along line V-V of
FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.
[0034] Hereinafter, a liquid crystal display (LCD) device
and a method for fabricating the same according to the
present invention will be explained in detail. FIG. 3 is a
plane view showing an L.CD device according to the present
invention.

[0035] As shown in FIG. 3, on an array substrate 101 (of
FIG. 4), gate lines 103 and data lines 113 are respectively
formed of an opaque metal and crossing one another angles
of 90° for defining pixels. A thin film transistor, a plate type
pixel electrode 119, and a common electrode 123 having a
plurality of slits 123a are also formed on the array substrate.
[0036] The plate type pixel electrode 119 and the common
electrode 123 are respectively formed of a transparent metal.
The pixel electrode 119 and the common electrode 123
overlap each other in a pixel region with an insulating layer
therebetween.

[0037] A perpendicular edge of the common electrode 123
is formed overlapping the data line 113. The common
electrode 123 has a plurality of slits 123a symmetrical to one
another in upper and lower parts. Horizontal edges of the
common electrode 123 are formed to overlap sides of the
gate line 103.

[0038] A fringe field is generated between the pixel elec-
trode 119 and the common electrode 123 having the slits
123a. A common signal is applied to the common electrode
123, and a pixel voltage having passed through the TFT is



US 2008/0001883 A1l

applied to the pixel electrode 119. A metal line 125 formed
of an opaque metal or having a small reflectivity, such as
copper and molybdenum, is disposed on the common elec-
trode 123 on the data line 113.

[0039] Aliquid crystal is driven by an electric field formed
between the pixel electrode 119 and the plurality of slits
1234 of the common electrode 123. That is, when no voltage
1s applied to the LCD device, initially aligned liquid crystals
are rotated by the electric field, thereby passing light.
[0040] An alignment layer (not shown) is further provided
at inner surfaces of upper and lower substrates of the LCD
device. The alignment layer on the upper substrate and the
alignment layer on the lower substrate are arranged to have
an angle of 90° therebetween like in a TN mode.

[0041] A method for fabricating the LCD device according
to the present invention will be explained in more detail with
reference to FIGS. 4 and 5. FIG. 4 is a sectional view taken
along line IV-IV of FIG. 3, and FIG. 5 is a sectional view
taken along line V-V of FIG. 3.

[0042] As shown in FIGS. 4 and 5, a transparent conduc-
tive material, such as ITO, is deposited on an array substrate
101 and then is patterned, thereby forming a gate line 103
and a gate electrode 105 diverged from the gate line 103.
Then, an insulating material is deposited on an entire surface
of the array substrate 101 including the gate line 103 (FIG.
3), thereby forming a gate insulating layer 107. A semicon-
ductor layer 109 is formed on the gate insulating layer 107
on the gate electrode 103. Herein, the gate insulating layer
107 is formed with a thickness of approximately 2000-5000
A.

[0043] Next, a conductive material having a low resis-
tance, such as copper, for forming data lines 113 is deposited
on the entire surface of the substrate including the semicon-
ductor layer 109, and is then patterned, thereby forming data
lines 113 (of FIG. 3) and source/drain electrodes 115 and
117. An insulating material is deposited on the entire surface
of the substrate including the data line, thereby forming a
passivation layer 118. The passivation layer 118 is selec-
tively patterned to partially expose the drain electrode 117.
[0044] A transparent conductive material, such as ITO, is
deposited on the entire surface of the substrate and is then
patterned, thereby forming a plate type pixel electrode 119.
The pixel electrode 119 is electrically connected to the drain
electrode 117. A photoacryl material is deposited on the
entire surface of the substrate including the pixel electrode
119, thereby forming an insulating interlayer 121.

[0045] A transparent conductive material, such as ITO, is
deposited on the insulating interlayer 121 and is then pat-
terned, thereby forming a common electrode 123 having a
plurality of slits 123a (FIG. 3). An opaque metal or a
material having a small reflectivity, such as copper or
molybdenum, is deposited on the entire surface of the
substrate and then is patterned, thereby forming a metal line
125 on the common electrode 123. The metal line 125
overlaps the source/drain electrodes 115 and 117 including
the data line 113 to define a common line.

[0046] An alignment layer (not shown) is formed on the
insulating interlayer 121 including the common electrode
123 having the plurality of slits 123a (FIG. 3), thereby
aligning liquid crystal material in a desired direction. In the
fringe field mode LCD device, an alignment layer on an
upper substrate and an alignment layer on a lower substrate
have an angle of 90° therebetween. Herein, the alignment
direction may be any direction. Although not shown, a black
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matrix and a color filter layer are formed on the upper
substrate, and then the alignment layer is formed thereon.
Finally, a liquid crystal layer (not shown) is formed between
the upper substrate and the array substrate, thereby com-
pleting the fabrication process for an LCD device.

[0047] As discussed above, the LCD device of present
invention reduces resistance of a common electrode using a
metal layer as a common line formed on a region except an
opening. As such, the LCD device and the method for
fabricating the same according to the present invention
achieve a number of advantages, examples of which will
now be explained. First, since a material having a low
resistance, such as copper, is used for the data lines, a
capacitance between the common line and the source/drain
electrodes is increased. Second, an organic insulating layer
having a low dielectric constant, such as photoacryl rather
than silicon nitride having a high dielectric constant, is used
as the insulating interlayer. Third, an opening adjacent to the
data line is widened, and the related art common line for
dividing a unit pixel into two regions is removed, thereby
increasing an aperture ratio. Fourth, the transparent common
electrode is formed in substantially an entire open portion of
the pixel region, and the common line is formed over the
common electrode rather than in the open portion. Accord-
ingly, a resistance of the common electrode can be reduced.
Fifth, the common line is disposed to cover a light leakage
occurrence portion due to a step between the upper common
electrodes, thereby preventing a light leakage occurrence.
[0048] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and method for fabricating the
same of the present invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising:

an array substrate;

a gate line formed on the array substrate;

a data line formed on the array substrate crossing the gate
line;

a thin film transistor formed on the array substrate, the
thin film transistor being formed at an intersection
between the gate line and the data line;

a pixel electrode formed on the array substrate and
connected to the thin film transistor;

an insulating interlayer formed on an entire surface of the
array substrate;

a common electrode formed on the insulating interlayer
and having a plurality of slits;

a metal line formed on the insulating interlayer overlap-
ping the data line and the common electrode;

a color filter substrate attached to the array substrate; and

a liquid crystal layer formed between the array substrate
and the color filter substrate.

2. The LCD device of claim 1, wherein the pixel electrode

is formed of a transparent conductive material.

3. The LCD device of claim 1, wherein the insulating

interlayer is formed of a photoacryl material.

4. The LCD device of claim 1, wherein the common

electrode is formed of a transparent conductive material.
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5. The LCD device of claim 1, wherein the metal line is
formed of an opaque metal or a conductive material having
a low reflectivity.

6. The LCD device of claim 1, wherein the metal line is
formed overlapping the thin film transistor.

7. The LCD device of claim 1, wherein the color filter
substrate includes a black matrix and a color filter layer.

8. The LCD device of claim 1, wherein the pixel electrode
overlaps the common electrode.

9. The LCD device of claim 1, wherein a width of the
common line is greater than a width of the data line.

10. The LCD device of claim 1, wherein the metal line is
formed on a non-image display region.

11. The LCD device of claim 1, wherein the common
electrode includes a perpendicular portion and horizontal
portions.

12. The LCD device of claim 11, wherein the metal line
overlaps the perpendicular portion and horizontal portions of
the common electrode.

13. The LCD device claim 1, wherein the metal line
overlaps sides of the gate line.

14. A method for fabricating a liquid crystal display
(LCD) device, comprising:

forming gate lines and data lines on a first substrate such

that the gate lines and data lines are substantially
perpendicular to each other;

forming at least one thin film transistor on the first

substrate, the thin film transistor being formed at an
intersection of corresponding ones of the gate lines and
the data lines;

forming a pixel electrode connected to the thin film

transistor on the first substrate;

forming an insulating interlayer on an entire surface of the

substrate having the gate lines, the data lines and the
thin film transistor;

forming a common electrode having a plurality of slits on

the insulating interlayer;

forming a common line overlapping the data line on the

insulating interlayer; and

joining the first substrate with a second substrate with a

liquid crystal layer between the first and second sub-
strates.

15. The method of claim 14, wherein the pixel electrode
pixel electrode is formed of a transparent material.

16. The method of claim 14, wherein the insulating
interlayer is formed of a photoacryl material.

17. The method of claim 14, wherein the common elec-
trode is formed of a transparent material.

18. The method of claim 14, wherein the metal line is
formed of an opaque metal or a conductive material having
a low reflectivity.
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19. The method of claim 14, wherein the metal line is
formed overlapping the thin film transistor.
20. The method of claim 14, wherein a width of the metal
line is greater than a width of the data line.
21. The method of claim 14, wherein the metal line is
formed on a non-image display region.
22. The method of claim 14, further comprising forming
a black matrix and a color filter layer on the second
substrate.
23. The method of claim 14, wherein the common elec-
trode includes a perpendicular portion and horizontal por-
tions.
24. The method of claim 23, wherein the metal line
overlaps the perpendicular portion and horizontal portions of
the common electrode.
25. The method of claim 14, wherein the metal line is
overlaps sides of the gate line.
26. A method for fabricating a liquid crystal display
(LCD) device, comprising:
forming a gate line and a data line on a first substrate, the
gate line and data line crossing each other at angles of
about 90° and dividing the first substrate into an image
display region and a non-image display region;

forming a thin film transistor on the non-image display
region of the first substrate;

forming a pixel electrode connected to the thin film

transistor on the image-display region of the first sub-
strate;

forming an insulating interlayer on an entire surface of the

substrate having the gate lines, the data lines and the
thin film transistor;

forming a common electrode having a plurality of slits on

the insulating interlayer;

forming a common line overlapping the data line on the

insulating interlayer; and

joining the first substrate with a second substrate with a

liquid crystal layer between the first and second sub-
strates.

27. The method of claim 26, wherein the common elec-
trode includes a perpendicular portion and horizontal por-
tions.

28. The method of claim 27, wherein the metal line
overlaps the perpendicular portion and horizontal portions of
the common electrode.

29. The method of claim 26, wherein the metal line
overlaps sides of the gate line.
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